The Pim protein kinases are serine threonine protein kinases that regulate important cellular signaling pathway molecules, and enhance the ability of c-Myc to induce lymphomas. We demonstrate that a cascade of events controls the cellular levels of Pim. We find that overexpression of the protein phosphatase (PP) 2A catalytic subunit decreases the activity and protein levels of Pim-1. This effect is reversed by the application of okadaic acid, an inhibitor of PP2A, and is blocked by SV40 small T antigen that is known to disrupt B subunit binding to PP2A A and C subunits. Pim-1 can coimmunoprecipitate with the PP2A regulatory B subunit, B56b, but not B56a, c, d, e or B55a. Using short hairpin RNA targeted at B56b, we demonstrate that decreasing the level of B56b increases the half-life of Pim-1 from 0.7 to 2.8 h, and decreases the ubiquitinylation level of Pim-1. We also find that Pin1, a prolyl-isomerase, is capable of binding Pim-1 and leads to a decrease in the protein level of Pim-1. On the basis of these observations, we hypothesize that phosphorylated Pim-1 binds Pin1 allowing the interaction of PP2A through B56b. Dephosphorylation of Pim-1 then allows for ubiquitinylation and protein degradation of Pim-1.
Introduction
The Pim family of serine (Ser)/threonine (Thr) protein kinases were initially identified as a target for proviral activation by Moloney murine leukemia virus (Cuypers et al., 1984; Selten et al., 1985) . The Pim proteins have been implicated in the control of tumorigenesis, cell cycle progression and apoptosis (Wang et al., 2001; Mikkers et al., 2004; Amaravadi and Thompson, 2005; Bachmann and Moroy, 2005) . In animal models, Pim protein kinases have been shown to enhance development of lymphoma induced by c-Myc, and to be overexpressed in hepatocellular cancer (Cuypers et al., 1984; Selten et al., 1985; van Lohuizen et al., 1989) . In humans, the protein levels of Pim have been shown to be elevated in lymphomas (Ionov et al., 2003) , leukemias (Adam et al., 2006) and prostate cancer (Cibull et al., 2006; Xu et al., 2005) . It is thought that Pim inhibits apoptosis by phosphorylating the BAD protein and enhancing the activity of Bcl-2 (Aho et al., 2004; Kim et al., 2006; Macdonald et al., 2006) . Alternatively, Pim has been shown to regulate nuclear factor-kappa B (NFkB) activity and thus downstream proteins that play a role in apoptosis, that is, Bax (Hammerman et al., 2004) .
Because overexpression of Pim may contribute to tumorigenesis, the mechanism by which the levels of Pim proteins are controlled is important. Both Pim-1 and -2 proteins levels are elevated transcriptionally by the application of interleukin (IL)-3, granulocyte-macrophage colony-stimulating factor, IL-7, and other cytokines to cells (Wang et al., 2001) . Mitogen stimulation can regulate the stability of Pim mRNA (Fox et al., 2003) . Once increased, Pim protein kinases have a relatively short half-life (about 10 min). This suggests that the degradation of Pim proteins may play a crucial role in regulating its half-life. Recently, the protein phosphatase (PP) 2A (Losman et al., 2003) and ubiquitinylation (Shay et al., 2005) have been suggested to play a role in regulating the degradation of Pim kinases.
PP2A is a heterotrimeric protein with an A subunit that serves as a scaffold binding the catalytic subunit (C) and the regulatory subunit (B). PP2A has been shown to regulate varied cellular properties including proliferation, growth, differentiation and apoptosis (Janssens and Goris, 2001; Lechward et al., 2001; Arroyo and Hahn, 2005; Janssens et al., 2005) . A critical role for PP2A in transformation has been suggested by the observation that SV-40 small T (ST) antigen, a specific inhibitor of PP2A holoenzyme formation, is required for the transformation of human cells along with SV-40 large T, human telomerase reverse transcriptase, and H-Ras. Elevation of the PP2A B56g 3 subunit reverses this effect and blocks transformation (Chen et al., 2004) . A further suggestion for the important role of PP2A in human neoplasia comes from the observation that human cancers, for example, breast cancer, harbor mutations in the A subunit that prevent binding of either the B or C subunit and thus inhibit PP2A activity (Ruediger et al., 2001a, b) .
The ability of PP2A to modulate the dephosphorylation of c-Myc, and thus control its degradation depends on the binding and regulation of c-Myc by the Pin1 prolyl-isomerase. Isomerization of proline (Pro) residues by this protein has been shown to promote dephosphorylation of various molecules by PP2A (Zhou et al., 2000; Yeh et al., 2004; Monje et al., 2005) . Pin1 binds Ser/Thr-Pro motifs through its WW motif and binds to a diverse set of substrates, including Cdc25 and Tau (Zhou et al., 2000; Stukenberg and Kirschner, 2001) . Through these mechanisms, Pin1 appears to play a significant role in cellular transformation.
Here, we report that PP2A regulates the level of Pim-1. Of the many PP2A B subunits, the PP2A B56b subunit appears to bind strongly to Pim-1, and knockdown of B56b increases the levels of Pim-1. In addition, Pin1 is found in a complex with Pim-1, and knockdown of Pin1 decreases the Pim-1 expression levels. These data suggest a complex regulation of Pim-1 protein levels that could be targeted during transformation.
Results
Increased PP2A activity negatively regulates Pim-1 protein levels As shown in Figure 1a , increasing amounts of PP2A-HA-C reduced both Pim-1 and Pim-2 protein levels. As a negative control, the PP2A-HA-C did not reduce the protein levels of the transcription factor, Runx1. To demonstrate that PP2A-HA-C regulates not only transfected Pim-1 levels but the endogenous Pim-1 protein levels, we have used the murine hematopoietic cell line BaF3, which contains a measurable level of endogenous Pim-1 protein (Kim et al., 2005) . Figure 1b shows that increasing cellular PP2A activity via transfection can decrease endogenous 33 and 44 kDa Pim-1 protein levels. Okadaic acid (OA) is a strong inhibitor to PP2A with lesser activity against PP1 (Boudreau and Hoskin, 2005) . Treatment of Pim-1 transfected 293 T cells or BaF3 with OA dramatically increased the level of either transfected or endogenous Pim-1 (Figure 1c and d). SV40 ST can compete with the PP2A B55a subunit and some B56 subunits for binding to the PP2A-A and -C subunits and thus inhibit PP2A activity (Chen et al., 2004; Arroyo and Hahn, 2005) . Figure 1e demonstrates that ST can block the PP2A-mediated Figure 1 Pim-1 protein levels are negatively regulated by PP2Ac. (a) 293 T cells were co-transfected with pcDNA3/ Pim-1 or Pim-2, Runx1, and increasing amounts of pD30-PP2A-HA-C. Control empty pcDNA3 vector was added to ensure that the total amount of plasmid DNA per transfection was identical. Cell lysates were collected at 36 h post-transfection. Western blotting was carried out using HA (for exogenous PP2Ac), PP2Ac (for total PP2Ac), Pim-1, Pim2, His and GAPDH antibodies. reduction in Pim-1 protein levels only when PP2Ac is part of the PP2A holoenzyme. These experiments demonstrate that Pim-1 and -2 protein levels are negatively regulated by the activity of PP2A.
PP2A dephosphorylates Pim-1 and decreases Pim-1 kinase activity To determine whether PP2A can dephosphorylate Pim-1 kinase a cDNA encoding Pim-1 or kinase-dead Pim-1 was transfected into 293 T cells which were subsequently labeled with [ 32 P] orthophosphate. The Pim-1 protein kinase was immunoprecipitated by using anti-Flag beads, and then the immunoprecipitates were incubated in vitro with or without recombinant PP2A (A/C dimer). This in vitro dephosphorylation assay demonstrates that recombinant PP2A can directly dephosphorylate Pim-1 (Figure 2a , upper row, lanes 2, 3 with lane 1). The total amount of Pim-1 immunoprecipitated was identical in all four lanes ( Figure 2a , the second row). To examine whether the phosphorylation of Pim-1 regulates its activity, the recombinant PP2A-treated Pim-1 immunoprecipitates bound to Flag beads were first washed to remove all PP2A and then treated with OA (100 nM) for 30 min to eliminate the effect of remaining PP2A. We also used Western blots to investigate the recombinant PP2Ac protein level remaining in the Flag beads before and after phosphate-buffer saline (PBS) washing. Figure 2b demonstrates that after washing, the PP2Ac was not detectable on the beads (compare lane 2 with 1). Following washing, the Flag beads were subjected to a kinase assay using histone H1 as a substrate. Figure 2a (the third row) demonstrates that after treating with PP2Ac, the kinase activity of Pim-1 was decreased when compared with the untreated Pim-1. The kinase-dead Pim-1 cannot phosphorylate histone H1 (Figure 2a , third row, lane 4).
PP2A B56b associates with Pim-1 in vivo
We examined the ability of Pim-1 to coimmunoprecipitate with B55a and B56 family subunits. We did not find any interaction with B55a (data not shown). As shown in Figure 3a , Pim-1 coimmunoprecipitated with HA antibody only in the presence of the B56b subunit (Figure 3a , upper panel). Alternatively, when Pim-1 is immunoprecipitated with anti-Flag beads, only the B56b subunit is co-immunoprecipitated with Pim-1 (Figure 3b , upper panel). This suggests that the PP2A holoenzyme associates with Pim-1 through the B56b regulatory subunit. We also immunoprecipitated endogenous Pim-1 from BaF3 cells demonstrating association with the endogenous B56b and PP2A-C subunit occurs in non-transfected cells as well ( Figure 3c ).
To identify the binding site of B56b on the Pim-1 protein, we prepared deletion mutants of Pim-1, as indicated in Figure 4a . The HA-tagged B56b was expressed in 293 T cells along with the Flag-tagged full length-or deleted Pim-1 mutants. Figure 4b demonstrates B56b coimmunprecipitates with full length (1-313), DN (69-313), DC (1-250) and DC (1-177) Pim-1, but not with DN (140-313). On the basis of these results, we narrowed the interaction site for Pim-1 and the B56b subunit to between amino acid residues 70 and 139 of Pim-1. This sequence contains the hinge region (121-126) of the Pim-1 kinase, which includes the ATP-binding pocket (Qian et al., 2005a) . Figure 5a shows that each short hairpin RNA (shRNA) of B56b subunits specifically reduced expression of its intended target by 70-90%, but did not affect expression of unintended targets. We observed that only knockdown of B56b resulted in increased Pim-1 protein levels as compared with control ( Figure 5b ). Furthermore, co-transfection of Pim-1 with increasing amount of either shRNA B56b or vector control demonstrates that increasing the knockdown of B56b protein, further increased Pim-1 protein levels (Figure 5c ). The shRNA B56b clearly decreases the endogenous B56b level in 293 T cells (see second panel Figure 5c ). Transfection of this shRNA into BaF3 cells demonstrates that decreasing the level of B56b increases the endogenous level of both the Pim-1 33 and 44 kDa isoforms (Figure 5d ).
Knockdown of B56b increases Pim-1 protein expression
B56b affects the half-life and ubiquitinylation of Pim-1 To determine whether PP2A-B56b can modulate the stability of Pim-1 protein, we transfected Pim-1 and then incubated cells with cycloheximide to block further protein synthesis. As shown in Figure 6a , knockdown of B56b significantly decreased the rate of Pim-1 protein degradation and increases the half-life of Pim-1 from 0.7 to 2.8 h. This result suggests that B56b regulates Pim-1 protein levels by regulating Pim-1 protein stability.
In the case of the c-Myc protein, dephosphorylation by PP2A leads to ubiquitinylation and protein degradation (Yeh et al., 2004) . To evaluate whether B56b activity is important for Pim-1 ubiquitinylation, we examined the effect of B56b knockdown on Pim-1 ubiquitinylation levels. To allow us to compare levels of protein ubiquitinylation, 293 T cells transfected with Pim-1 and shRNA B56b or control were treated with the proteasome inhibitor Bortezomib (Richardson and Mitsiades, 2005) for 6 h to prevent the degradation of 
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Pim-1 protein. Figure 6b shows that ubiquitinylation of Pim-1 is decreased upon B56b knockdown when compared with the control group, although the total levels of Pim-1 was increased upon shRNA-B56b treatment. These results revealed that the increase of Pim-1 protein levels upon knockdown of B56b is due, in part, to decreased Pim-1 protein ubiquitinylation.
The Pin1 prolyl isomerase associates with Pim-1 in vivo and facilitates Pim-1 degradation As reported, PP2A is a conformation-sensitive protein phosphatase, preferring the trans configuration of Pro residue adjacent to the phosphor-Ser or -Thr in substrates (Zhou et al., 2000) . The prolyl-isomerase Pin1 can catalyse the isomerization of Pro residues in phospho-proteins to promote their dephosphorylation by PP2A (Stukenberg and Kirschner, 2001) . As shown in Figure 7a , Pim-1 can coimmunoprecipitate Pin1 when both are transfected into 293 T cells. Interestingly Pim-1 can bind and coimmunoprecipitate both Pin1 and B56b suggesting that they may form a complex in vivo. Figure 7b (upper panel) demonstrates that by using a shRNA, we can decrease the Pin1 expression approximately 70% (using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a control). Conversely, knockdown of Pin1 by using shRNA led to a 2-3 fold increase in Pim-1 protein levels ( Figure 7b , bottom panel). These results are consistent with the model that phospho-Pim-1 binds Pin1 leading to a configuration change that encourages the binding of PP2A with dephosphorylation of the protein leading to ubiquitinylation and degradation.
Knockdown of B56b increases cell viability in Pim-positive but not in Pim-negative cell lines To examine the effect of knocking down B56b on cell growth, we compared the effect of knockdown of B56b on two IL-3-dependent cell lines, murine BaF3 cells that have a normal level of Pim-1 and Pim-2, and bone marrow (BM) cells from Pim-1, 2 double-knockout mouse (Chen et al., 2002) . Because the IL-3-dependent BM cells come from outbred mice, BaF3 cells were used as a control. As shown in Figure 8a , knockdown of B56b can increase the viability of BaF3 cells by 37% Regulation of Pim-1 by PP2A through B56b subunit J Ma et al when compared with a control shRNA transfected into these cells. In contrast, transfection of shRNA B56b into the Pim knockout mouse cell line decreases this B56b subunit but has no effect on cell viability (Figure 8a ). Figure 8b demonstrates that shRNA B56b can decrease the endogenous B56b level in BaF3 and BM mononuclear cells, and can increase the Pim-1 protein levels in the BaF3 cells. This result suggests that changes in the level of B56b subunit can regulate cell viability, possibly by affecting the levels of Pim proteins.
Discussion
We demonstrate that in 293 T cells transfected with Pim-1 and Pim-2 cDNAs, as well as in BaF3 cells expressing endogenous levels of Pim-1, the overexpression of the PP2Ac subunit decreases the level of Pim proteins. These results extend the work of Losman et al. (2000) , who have demonstrated similar findings for Pim-1 and -3. Our results demonstrate that this effect of PP2Ac is reversed by both OA, a known inhibitor of PP2Ac and expression of SV-40 ST protein (Arroyo and Hahn, 2005) and equivalent results are obtained for both Pim-1 and -2. ST is thought to displace several B55 and B56 isoforms from the trimeric PP2A forms (Van Hoof and Goris, 2004) leading to cellular transformation. This result suggests that the PP2A holoenzyme is required to decrease Pim-1 levels. By labeling cells with [ 32 P]orthophosphate, we have been able to demonstrate that recombinant PP2A actually dephosphorylates the Pim-1 protein in vitro. The decrease in phosphorylation of Pim-1 is associated with a decreased ability of Pim-1 to phosphorylate an artificial substrate, suggesting that phosphorylation controls Pim-1 activity. Crystallography data have suggested that Pim-1 autophosphorylates and is active without an additional protein kinase cascade controlling its ability to modify substrates (Qian et al., 2005b) . It is interesting that Pim-1 has been shown to transform cells in concert with both c-Myc (Verbeek et al., 1991; Shirogane et al., 1999; Ellwood-Yen et al., 2003) or Akt (Amaravadi and Thompson, 2005) , and that the levels of both of these proteins are regulated by PP2A (Sears, 2004; Ugi et al., 2004; Van Kanegan et al., 2005) . Using a model in which hematopoietic cells are grown in an IL-3-dependent fashion, we find that knocking down a PP2A B subunit increases viability only in Pim containing, but not in Pim knockout cells. Although it is highly likely that the B subunit could have many binding partners other than Pim, this result suggests that the B subunit by regulating Pim levels could potentially regulate cell viability.
PP2A is targeted to specific substrates through its B subunit. c-Myc interacts with the B56a subunit, and knock down of B56a can increase c-Myc protein expression levels. Dephosphorylation of Bcl-2 by PP2A through B56a appears to be required for ceramide-induced cell death (Ruvolo et al., 2002) . Even in the presence of 2% NP-40, we find that the B56b subunit of PP2A interacts strongly with Pim-1. The suggestion that B56b is important for Pim-1 regulation is further strengthened by experiments in which shRNA B56b can increase the protein levels of either transfected or endogenous Pim-1, whereas other B56 subunits shRNA did not affect the Pim-1 expression. We have demonstrated that c-Myc can be conjugated to ubiquitin for ubiquitin-mediated protein degradation, and that inhibition of proteasomal degradation increases its halflife (Yeh et al., 2004) . We show that decreasing the level of B56b subunit by shRNA decreases the ubiquitinylation of Pim-1 and increases the half-life of this protein from 0.7 to 2.8 h. These results suggest that the degradation of Pim-1 could be regulated in a similar fashion to c-Myc and other proteins (Janssens and Goris, 2001; Yeh et al., 2004) . In this case, PP2A dephosphorylation leaves a partially phosphorylated protein, for example c-Myc with T58 phosphorylated, that is an excellent target for a specific E3 ligase. As both of Myc and Pim-1 can be negatively regulated by PP2A through different B56 subunits and play cooperative roles in lymphomagenesis, the coordinated role of PP2A on Pim-1 and Myc activity in lymphomas is worth further investigation.
We demonstrate that Pin1 can form a complex with Pim-1. Murine Pim-1 contains five potential SP docking sites for Pin1, two of these SP sites are located close together S55 and S61. The presence of two closely phosphorylated SP motifs, for example in c-Myc and RNA polymerase II, increases the binding affinity and catalytic efficacy of Pin1 towards these substrates (Xu et al., 2003; Yeh et al., 2004) . This may also be true for Pim-1. Pin1 binds to phosphorylated Pim-1 and enhances the ability of the PP2A holoenzyme to bind to the complex through the B56b protein. PP2A dephosphorylates Pim-1 protein and decreases its activity. The partially phosphorylated Pim-1 is then ubiquitinylated and degraded by the proteasome (see hypothetical model Figure 9) . Additional experiments Figure 8 Knockdown of B56b affects cell viability through Pim kinase. (a) Pim-1 and Pim-2 double knockout mouse and BaF3 cells were transfected with either shRNA expression vector (scrambled control or targeted to B56b) and allowed to grow for 48 h. Data shown is the mean of three independent MTT assays. Error bars are the standard error with a student's t-test indicating a significant difference Po0.05 (*), comparing experimental with the control group. (b) Western blotting was used to measure the shRNA effect on B56b and Pim-1 expression.
Regulation of Pim-1 by PP2A through B56b subunit J Ma et al will be necessary to validate completely this model and examine whether in human neoplasmas this mechanism is defective leading to increased levels of Pim protein. 
Materials and methods

Chemicals and reagents
Cell culture and transfection
Human embryonic kidney (HEK) 293 T cells were grown in Dulbecco's modified eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) at 371C in 5% CO 2 . Cells were plated to achieve 50-70% confluence 24 h before transfection. Transfections were performed using Effectene (Qiagen, Valencia, CA, USA) according to the instructions of the manufacturer. Transfected cells were maintained in DMEM supplemented with 10% FBS, except in shRNA experiments, in which they were maintained in 2 or 0.2% FBS for the indicated time periods. The murine hematopoietic cell line, BaF3, was cultured in RPMI 1640 medium supplemented with 10% FBS and 1 ng/ml mouse IL-3.
Plasmids
Constructs encoding pD30-PP2A-HA-C, shRNA B56 subunits have been described previously (Arnold and Sears, 2006) . Expression vectors for pCEP4HA-B56a, -b, -g, -d and e, were generous gifts from David Virshup (Huntsman Cancer Institute, University of Utah, Salt Lake City, UT, USA) (McCright et al., 1996) . pCEP-small-T-antigen expression vector was kindly provided by William C Hahn (Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA, USA) (Chen et al., 2004) . pcDNA3/Flag-Pim-1(murine), pcDNA3/ Flag-Pim-2(murine), pcDNA3/Flag-Pim-1 kinase-dead (K67A) have been described previously (Chen et al., 2005) . pcDNA3/ HA-Pin1 was a gift from Ilan R Kirsch (Research Oncology, Amgen, Seattle, WA, USA) (Campaner et al., 2005) . HA-ubiquitin was a gift from Mathias Treier (European Molecular Biology Laboratory, Heidelberg, Germany) (Treier and Bohmann, 1994) . shRNA Pin1 (TRCN0000001034) was purchased from Sigma.
Western blotting and immunoprecipitations
Western blotting was carried out as described previously (Chen et al., 2005) . Primary antibodies were in 5% bovine serum albumin (BSA), 0.1% Tween20, Tris-buffered saline and were detected with HRP-conjugated secondary antibodies using the ECL reagents from Amersham (Piscataway, NJ, USA). Cleared cell lysates were incubated with indicated antibodies for 3 h followed by the addition of Protein A/G agarose for 1 h. Immunoprecipitates were washed three times with cold radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris-HCl, pH 7.4, 1% nonylphenyl-polyethylene glycol (NP-40), 0.1% sodium dodecyl sulphate, 0.25% sodium deoxycholate, 150 mM sodium chloride, 1 mM ethylenediamine-N,N,N 0 ,N 0 -tetraacetic acid, 1 mM sodium orthovanadate (Na 3 VO 4 ), 1 mM sodium fluoride (NaF) and protease inhibitor cocktail).
Detection of ubiquitinylated Pim-1
The method has been described previously (Yeh et al., 2004) . Briefly, HEK-293 T cells were co-transfected with 1 mg CMV-HA-ubiquitin, 1 mg pcDNA3/Flag-Pim-1, and 4 mg shRNA expression plasmids for 48 h. Cells were lysed with RIPA buffer, with the addition of the de-ubiquitinase inhibitor 5 mM N-ethylmaleimide (Sigma) at a cell-to-volume ratio of 1 Â 10 6 cells/ml. Ubiquitinylated proteins were immunoprecipitated from cell lysates with an anti-Flag M2 agarose for 3 h. Immunoprecipitates were completed as described (Yeh et al., 2004) .
Dephosphorylation and kinase assay HEK-293 T cells were transfected with Flag-Pim-1 (wild-type (WT) or kinase-dead) for 36 h, then washed once and incubated with phosphate-free media containing 10% phosphate-free FBS (Invitrogen, Carlsbad, CA, USA) for 1 h. Cells were then incubated in medium containing 50 mCi/ml Figure 9 Hypothetical model of Pim-1 degradation by the proteasome mediated by Pin1 and PP2A.
Regulation of Pim-1 by PP2A through B56b subunit J Ma et al [ 32 P]orthophosphate for 4 h. To immunoprecipitate Pim-1, anti-Flag M2 agarose was added to the cell lysate, followed by 3 h incubation. To study the ability of PP2A to dephosphorylate Pim, immunoprecipitates were washed once in phosphatase buffer (50 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid (HEPES), pH 7.5, 0.5% BSA, and 1 mM dithiothreitol (DTT), and then resuspended in 40 ml of the same buffer. Recombinant PP2A (A/C dimer) was then added and incubated at 301C for 30 min with agitation. The reaction was terminated by washing twice in 50 mmol/l HEPES, pH 8.0. Forty percent of the reaction products were analyzed by autoradiography, 10% was taken for western blotting to measure Pim-1 levels, 50% was used in a kinase assay. First the beads were washed extensively in PBS to remove the PP2A and then treated with OA (100 nM) for 30 min to eliminate the effect of remaining PP2A. The beads were then resuspended in kinase reaction buffer (10 mM 3-morpholinopropanesulfonic acid, pH 7.4, 100 mM ATP, 15 mM magnesium chloride, 1 mM Na 3 VO 4 , 1 mM NaF, 1 mM DTT, and protease inhibitor cocktail, 100 nM OA). In each reaction (30 ml), 3 mg of histone H1 protein was used as substrate, and 10 mCi of [g-32 P]ATP was then added. Incubation was carried out at 301C for 30 min with agitation.
Pim-1 half-life measurement A total of 100-mm dishes of 293 T cells were co-transfected with 1 mg pcDNA3/Pim-1, and 4 mg shRNA expression vector (scrambled control or targeted to B56b) for 24 h. Each transfection mixture was split into six 60-mm dishes for 24 h and then starved in 0.2% FBS for 48 h. Cells were treated with 100 mg/ml cycloheximide 5 min before starting the indicated time course, and cell lysates were prepared at the indicated time points after treatment. Pim-1 protein levels were quantified relative to GAPDH levels and graphed as percent Pim-1 protein remaining.
Cell viability assay Cells were transfected with 2 mg shRNA expression vector for 48 h. Transfected cells were counted and seeded in 96-well dishes at 1250 cells/well. After 48 h, the total cell viability was determined by a modified 3-(4,5-dimethylthiazoyl-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay (CellTiter 96 AQueous One Solution Cell Proliferation Assay; Promega, Madison, WI, USA). Metabolically active cells were measured by recording the absorbance at 490 nm using a microplate reader.
Isolation of mouse BM mononuclear cells BM cells were flushed from the femus into RPMI 1640 containing 10% FBS and 5 ng/ml of IL-3 using a 21-gauge needle and syringe. BM cells from 3 to 5 mice were pooled and centrifuged through Histopaque 1083 (Sigma) to isolate BM mononuclear cells.
